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(54) Mixer for forming a thin oil film on a surface of a drop of water 



(57) The invention provides a mixer for forming a 
thin oil film on a surface of a drop of water which can 
effectively form a drop of water with an oil film. A mixer 
(1) for forming a thin oil film on a surface of a drop of 
water is constituted by an oil mist forming chamber (8) 
for forming an oil supplied from an outer portion in a mist 
shape by an air stream, a drop of water forming chamber 
(64) for forming a water supplied from the outer portion 



by the air stream containing the oil formed in a mist 
shape in the oil mist forming chamber (8) in a drop of 
water shape so as to form a drop of water with an oil 
structured such that a thin oil film is formed on a surface 
of the drop of water, and a top nozzle (4) for discharging 
the drop of water with the oil film formed in the drop of 
water forming chamber (64) to an outer portion. In ac- 
cordance with the structure mentioned above, it is pos- 
sible to effectively form the drop of water with the oil film. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a mixer for 
forming a thin oil film on a surface of a drop of water for 
supplying a drop of water with an oil film corresponding 
to a working fluid used at a time of working a structure 
and structured such that a thin oil film is formed on a 
surface of a drop of water. 

DESCRIPTION OF THE PRIOR ART 

[0002] Conventionally, in the case of applying a ma- 
chine work such as a cutting work, a grinding work or 
the like to the structure, in order to improve a working 
accuracy and increase a service life of a working tool, 
the structure and the working tool are lubricated and a 
heat generated by the working is cooled by applying a 
working fluid such as an oil, an emulsion or the like to a 
surface to be worked of the structure from a nozzle pro- 
vided toward a portion near a working point in a liquid 
state, or spraying the working fluid in a mist state. Fur- 
ther, in the case of spraying the working fluid in a mist 
state, as disclosed in JP-A-6-320384, there has been 
considered a method of spraying a working fluid ob- 
tained by mixing different kinds of working fluids such 
as an oil, a water or the like to a surface to be worked 
of a structure, or a method of respectively spraying dif- 
ferent kinds of working fluids to a surface to be worked 
of a structure from a plurality of nozzles. 
[0003] However, since the working fluid is continuous- 
ly supplied all the time of working the structure in order 
to obtain sufficient lubricating and cooling effects under 
working, there Is a problem that a lot of working fluid is 
required in the case of applying the working fluid in a 
liquid state. In particular, since it is hard to treat a non- 
combustible emulsion as an industrial waste when being 
deteriorated, there is a problem that a much cost is re- 
quired for treating a lot of emulsions which is used or 
becomes old. On the contrary, in the case of spraying 
the working fluid in a mist state in order to reduce a used 
amount of the working fluid, the oil is scattered in the air 
too much due to the mist-like spraying since the oil has 
a small mass, so that as well as there is a problem a 
sufficient amount of oil is not attached to the surface to : 
be worked of the structure and the working tool is suffi- 
ciently neither lubricated nor cooled, there is a risk that 
a fire starts, a human body is damaged or the like when 
the mist-like oil is scattered. Accordingly, there has been 
a problem in view of a plant environment. Further, as 
mentioned above, in a method of spraying the mixed flu- 
id constituted by the water and the oil and spraying the 
working fluids to the surface to be worked from the dif- 
ferent nozzles, there is the same problem since the oil 
component is scattered to the air too much. 



[0004] In order to solve the problems mentioned 
above, in recent years, there has been proposed a work- 
ing method using a drop of water with an oil film formed 
by making a water supplied from an outer portion a drop 
5 of water and forming an oil film on a surface of the drop 
of water. 

SUMMARY OF THE INVENTION 

10 [0005] However, there has not been yet proposed an 
apparatus for effectively forming a drop of water with an 
oil film. The present invention is made by taking the mat- 
ters mentioned above into consideration, and an object 
of the present invention is to provide a mixer for forming 

15 a thin oil film on a surface of a drop of water which can 
effectively form a drop of water with an oil film. 
[0008] In order to achieve the object mentioned 
above, in accordance with a first aspect of the present 
invention , there is provided a mixer for forming for a thin 

20 oil film on a surface of a drop of water for supplying a 
drop of water with an oil film corresponding to a working 
fluid used at a time of working a structure and structured 
such that a thin oil film is formed on a surface of a drop 
of water, comprising: . 

25 

an oil mist forming chamber for forming an oil sup- 
plied from an outer portion in a mist shape by an air 
stream; 

a drop of water forming chamber for forming a water 
30 supplied from the outer portion by the air stream 
containing the oil formed in a mist shape in the oil 
mist forming chamber in a drop of water shape so 
as to form a drop of water with an oil structured such 
that a thin oil film is formed on a surface of the drop 
35 of water; and 

a top nozzle for discharging the drop of water with 
the oil film formed in the drop of water forming 
chamber to an outer portion. In accordance with the 
structure mentioned above, it is possible to effec- 
40 tively form the drop of water with the oil film. 

[0007] Further, in accordance with a second aspect of 
the present invention, there is provided a mixerforform- 
ing a thin oil film on a surface of a drop of water as recited 

45 in the first aspect, wherein the drop of water forming 
chamber is constituted by a first drop of water forming 
chamber disposed in an upstream side of the air flow 
and a second drop of water forming chamber disposed 
in a downstream side thereof, and an oil inflow port for 

so making the oil supplied from the outer portion flow into 
is faced to the second drop of water forming chamber. 
In accordance with the structure mentioned above, it is 
possible to again attach an oil to the drop of water flow- 
ing through the drop of water forming chamber and hav- 

55 ing no oil film formed thereon, and it is possible to im- 
prove a rate of forming the drop of water with the oil film. 
[0008] Further, in accordance with a third aspect of 
the present invention, there is provided a mixerfor form- 



2 



3 



EP1 103 343 A1 



4 



in g a thin oil film on a surface of a drop of water as recited 
in the second aspect, wherein the oil inflow port is com- 
municated with the oil mist forming chamber via a by- 
pass passage so as to supply the oil which is not formed 
in a mist shape in the oil mist forming chamber to the oil 
inflow port via the bypass passage. In accordance with 
the structure mentioned above, since the liquid-like oil 
which is not formed in a mist shape in the oil mist forming 
chamber is used after being again formed in a mist 
shape in the oil inflow port, it is possible to effectively 
form the drop of water with the oil film at a minimum 
amount of oil. 

[0009] Further, in accordance with a fourth aspect of 
the present invention, there is provided a mixer for form- 
ing a thin oil film on a surface of a drop of water as recited 
in the second aspect or the third aspect, wherein the oil 
inflow port is constituted by an upstream oil inflow port 
disposed in an upstream side of the airflow and a down- 
stream oil inflow port disposed in a downstream side 
thereof, and an oil inflow amount is more in the upstream 
oil inflow port than in the downstream oil inflow port. In 
accordance with the structure mentioned above, it is 
possible to significantly increase a rate of forming the 
drop of water with the oil film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

Fig. 1 is a cross sectional view showing an inner 
portion of a mixer for forming a thin oil film on a sur- 
face of a drop of water in accordance with an em- 
bodiment of the present invention; 
Fig. 2 is a schematic view of an apparatus for sup- 
plying the drop of water with the oil film in accord- 
ance with an embodiment of the present invention; 
Fig. 3 is a schematic view of the drop of water with 
the oil film and a surface of a structure to be worked 
to which the drop of water with the oil film is at- 
tached; 

Fig. 4 is a schematic view in a state of supplying the 
drop of water with the oil film to a working surface 
by the mixer for forming the thin oil film on the sur- 
face of the drop of water; 

Fig. 5 is a list showing experimental conditions for 
a cutting experiment performed by supplying a 
working fluid by the mixer for forming the thin oil film 
on the surface of the drop of water; and 
Fig. 6 is a graph showing experimental results of 
the cutting experiment performed by supplying the 
working fluid by the mixer for forming the thin oil film 
on the surface of the drop of water. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 1 ] A description will be given below of an embod- 
iment in accordance with the present invention with ref- 
erence to the accompanying drawings. At first, a de- 



scription will be given of a structure of a mixer forforming 
a thin oil film on a surface of a drop of water 1 in accord- 
ance with the embodiment with reference to Fig. 1 . Fig. 
1 is a cross sectional view showing an inner portion of 
5 the mixer for forming the thin oil film on the surface of 
the drop of water 1 in accordance with the present em- 
bodiment. 

[0012] In Fig. 1 , the mixer for forming the thin oil film 
on the surface of the drop of water 1 is constituted by a 

w fog chamber forming member 2 in which an oil mist form- 
ing chamber 8 for forming an oil supplied from an outer 
portion in a mist shape by an air stream is formed, a 
secondary fog chamber forming member 3 which is con- 
nected to the fog chamber forming member 2 and in 

f£ which drop of water forming chambers 36 and 61 for 
forming a water supplied from the outer portion in a drop 
of water shape by an air stream containing the oil formed 
in a mist shape in the oil mist forming chamber 8 so as 
to form a drop of water with an oil film are formed, a top 

20 nozzle 4 connected to the secondary fog chamber form- 
ing member 3 and discharging the formed drop of water 
with the oil to the outer portion, and a nozzle case 5 for 
fixing the top nozzle 4 to the secondary fog chamber 
forming member 3. 

25 [001 3] At first, a description will be given of a structu re 
of the fog chamber forming member 2 with reference to 
Fig. 1 . The fog chamber forming member 2 is formed in 
a rectangular column shape or a circular column shape 
and made of a stainless steel or plastics. A recess- 
so shaped air intake port 6 to which an air duct 82 (refer to 
Fig. 2) for supplying a compressed air is connected is 
formed in a center portion of a rear end surface (a right 
side in the drawing) of the fog chamber forming member 
2. On the contrary, a mounting recess portion 7 for in- 

35 serting the secondary fog chamber forming member 3 
so as to mount is formed in a center portion of a front 
end surface (a left side in the drawing) of the fog cham- 
ber forming member 2. The oil mist forming chamber 8 
extends from a bottom surface of the air intake port 6 to 

40 a bottom surface of the mounting recess portion 7 in 
such a manner as to extend through the fog chamber 
forming member 2. In this case, a screw groove for 
screwing the air duct 82 is formed on an inner peripheral 
surface of the air intake port 6, and a screw groove for 
. 45 screwing the secondary fog chamber forming member 
3 is formed on an inner peripheral surface of the mount- 
ing recess portion 7. 

[001 4] Spray nozzles 9 and 1 2 are fitted and fixed to 
both end portions of the oil mist forming chamber 8. That 

50 is, the oil spray nozzle 9 for forming an oil supplied from 
an outer portion in a mist shape is fitted to a side of the 
air intake port 6 and is fixed by a C-type stop ring 11 . A 
water spray nozzle 1 2 for forming a water supplied from 
the outer portion in a drop of water shape is f itted to a 

55 side of the mounting recess portion 7 and is fixed by a 
C-type stop ring 14. In this case, a first oil inflow port 1 0 
for making the oil flow into the oil spray nozzle 9 is faced 
to the oil spray nozzle 9. Further, a water inflow port 13 
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for making the water flow into the water spray nozzle 1 2 
is faced to the water spray nozzle 12. 
[0015] An oil intake port 16 to which an oil supply duct 
87 (refer to Fig. 2) for supplying the oil is connected is 
formed close to the air intake port 6 on one side surface 
of the fog chamber forming member 2, and an oil intake 
port 1 7 is formed from a bottom surface of the oil intake 
port 1 6 toward the first oil inflow port 1 0. Further, a water 
intake port 1 B to which a water supply duct 92 (refer to 
Fig. 2) for supplying the water is connected is formed 
close to the mounting recess portion 7 on the same side 
surface as the side surface on which the oil intake port 
1 6 is provided, and a water intake passage 1 9 is formed 
from a bottom surface of the water intake port 1 8 toward 
the water inflow port 13. 

[0016] Further, L-shaped first bypass passages 20 
extending through the oil mist forming chamber 8 are 
formed at two symmetrical positions from an end sur- 
face in a side of the mounting recess portion 7 of the fog 
chamber forming member2. Further, a dosing member 
21 is inserted toward a side surface of the fog chamber 
forming member 2 from a bent portion of the first bypass 
passage 20. This closing member 21 closes about half 
of an outer side of a hole extending from a side surface 
of the fog chamber forming member2 toward the oil mist 
forming chamber 8, and is required for forming the first 
bypass passage 20 in an L shape. That is, since it is 
impossible to form the passage in an L shape, an L- 
shaped structure is achieved by forming a passage from 
an end surface of the fog forming member 2, forming a 
passage perpendicular to the passage from the side sur- 
face of the fog chamber forming member 2 toward the 
oil mist forming chamber 8 so as to form a T-shaped 
passage, and thereafter closing a part of the passage 
from a crossing portion between two passages toward 
the side surface of the fog chamber forming member 2 
by the closing member 21 in the manner mentioned 
above. 

[0017] Next, a description will be given of a structure 
of the secondary fog chamber forming member 3 with 
reference to Fig. 1 . The secondary fog chamber forming 
member 3 is formed in a cylindrical shape and made of 
a stainless steel or plastics. A mounting convex portion 
30 inserted to the mounting recess portion 7 of the fog 
chamber forming member 2 is formed in a center portion 
of a rear end surface (a right side in the drawing) of the 
secondary fog chamber forming member 3. Further, an 
O-ring mounting groove 31 for fitting and inserting an CD- 
ring 32 is provided in a periphery close to an outer edge 
portion of the rear end surface so as to form a circular 
shape, and a bypass passage connecting groove 38 
connected to the first bypass passage 20 is provided in 
a periphery between the O-ring mounting groove 31 and 
the mounting convex portion 30 so as to form a circular 
shape. The bypass passage connecting groove 38 is 
structured such that a diameter in a center of the groove 
thereof is set to be substantially the same as a distance 
between centers of two first bypass passages and a 



groove width thereof is formed in substantially the same 
as a diameter of the first bypass passage 20. In this 
case, a screw engaged with a screw groove formed on 
an inner periphery of the mounting recess portion 7 is 
5 formed on an outer periphery of the mounting convex 
portion 30. 

[0018] On the contrary, a nozzle case inserting recess 
portion 33 in which a screw groove is formed on an inner 
periphery thereof for mounting the nozzle case 5 is 

10 formed in a center portion of a front end surface (a left 
side in the drawing) of the secondary fog chamber form- 
ing member 3. Further, an O-ring mounting groove 34 
for fitting and inserting an O-ring 35 is provided in a pe- 
riphery close to an outer edge portion of the front end 

is surface so as to form a circular shape. Further, a drop 
of water forming chamber 64 for forming the water sup- 
plied from the outer portion in a drop of water shape is 
formed by being extended from a bottom surface of the 
fog chamber mounting recess portion 7 toward an end 

20 surface of the mounting convex portion 30. The drop of 
water forming chamber 64 is constituted by a first drop 
of water forming chamber 36 in an upstream side and a 
second drop of water forming chamber 61 in a down- 
stream side, and the second drop of water forming 

25 chamber 61 in the downstream side is constituted by a 
secondary oil nozzle 60 fitted and inserted to a second- 
ary oil nozzle mounting portion 37 formed close to the 
nozzle case inserting recess portion 33. 
[0019] Further, second bypass passages 39 are 

30 formed from a bottom surface of the bypass passage 
connecting groove 38 toward the front end surface of 
the secondary fog chamber forming member 3 until a 
position of the secondary oil nozzle mounting portion 37. 
The second bypass passages 39 are provided at two 

35 portions so as to be positioned in a direction of 1 80 de- 
grees with each other. Further, a first oil inflow groove 
40 and a second oil inflow groove 41 are formed in left 
and right portions in the drawing of the second bypass 
passage 39 so that the second bypass passage 39 and 

40 the secondary oil nozzle mounting portion 37 are com- 
municated with each other. 

[0020] In this case, the secondary oil nozzle 60 is fit- 
ted and inserted to the secondary oil nozzle mounting 
portion 37 as mentioned above, however, the secondary 

45 oil nozzle 60 is formed in a cylindrical shape and made 
of a stainless steel or a copper alloy, and the second 
drop of water forming chamber 61 is formed in a center 
thereof so as to have the same diameter as the diameter 
of the first drop of water forming chamber 36. Further, a 

so second oil inflow port 62 corresponding to an upstream 
oil inflow port is formed close to a rear end surface (a 
right side in the drawing) of the secondary oil nozzle 60 
so as to extend from an outer surface of the secondary 
oil nozzle 60 to the second drop of water forming cham- 

55 ber 61 . The second oil inflow port 62 is radially formed 
at a plurality of portions (four to twelve portions) at a 
uniform interval. Further, a third oil inflow port 63 corre- 
sponding to a downstream oil inflow port is formed close 
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to a front end surface (a left side in the drawing) of the 
secondary oil nozzle 60 so as to extend from the outer 
surface of the secondary oil nozzle 60 to the second 
drop of water forming chamber 61 in the same manner 
as that of the second oil inflow port 62. The third oil inflow 5 
ports 63 are radially formed at a plurality of portions (at 
about a half of the number of the second oil inflow ports 
62, that is, two to six portions) at a uniform interval. Here, 
in the case of the present embodiment, a diameter of 
the second oil inflow port 62 is set to be twice or more 
the diameter of the third oil inflow port 63. 
[0021] When inserting the secondary oil nozzle 60 
structured in the manner mentioned above to the sec- 
ondary oil nozzle mounting portion 37, the second oil 
inflow port 62 and the first oil inflow groove 40 coincide 
with each other, and the third oil inflow port 63 and the 
second oil inflow groove 41 coincide with each other. 
[0022] Next, a description will be given of a structure 
of the top nozzle 4 with reference to Fig. 1 . The top noz- 
zle 4 is formed in a cylindrical shape and made of a stain- 
less steel or plastics, and a drop of water with an oil film 
discharging port 70 for discharging the drop of water 
with the oil film is formed in a center thereof so as to 
have substantially the same diameter as the diameter 
of the second drop of water forming chamber 61 . Fur- 
ther, a flange is formed on a rear end surface (a right 
side in the drawing) of the top nozzle 4, and a diameter 
of the flange is set to be substantially the same as an 
outer diameter of the secondary oil nozzle 60. The top 
nozzle 4 mentioned above is mounted to the secondary 
fog chamber forming member 3 by the nozzle case 5, 
however, the nozzle case 5 is formed in a cylindrical 
shape and made of a stainless steel or a copper alloy. 
Further, a mounting convex portion 50 in which a screw 
portion engaged with the nozzle case inserting recess 
portion 33 of the secondary fog chamber forming mem- 
ber 3 is formed on an outer periphery thereof is formed 
in a center portion of a rear end surface (a right side in 
the drawing). Further, a top nozzle inserting hole 51 to 
which the top nozzle 4 is inserted is formed in a center 
of the nozzle case 5. 

[0023] A description will be given of an assembly of 
the mixer for forming the thin oil on the surface of the 
drop of water 1 constituted of a plurality of parts as men- 
tioned above. At first, the secondary fog chamber form- 
ing member 3 is fixed to the fog chamber forming mem- 
ber 2 by attaching the O-ring 32 to the O-ring mounting 
groove 31 provided on the rear end surface of the sec- 
ondary fog chamber forming member 3 and thereafter 
engaging the mounting convex portion 30 of the second- 
ary fog chamber forming member 3 with the mounting 
recess portion 7 of the fog chamber forming member 2. 
In this case, since the O-ring mounting groove 31 is 
structured such that a groove depth is smaller than the 
diameter of the O-ring 32, an upper end portion of the 
O-ring 32 protrudes from the rear end surface of the sec- 
ondary fog chamber forming member 3 at a time of at- 
taching the O-ring 32 to the O-ring mounting groove 31 . 



Accordingly, at a time of fixing the secondary fog cham- 
berf orming member 3 to the fog chamber forming mem- 
ber 2, the O-ring 32 is gripped between the bottom sur- 
face of the 0-ring mounting groove 31 and the front end 
surface of the fog chamber forming member 2, whereby 
an airtight state between the fog chamber forming mem- 
ber 2 and the secondary fog chamber forming member 
3 can be maintained. Further, since the O-ring 15 is in- 
terposed between the C-type stop ring 14 and the end 
surface of the mounting convex portion 30, the oil mist 
forming chamber 8 and the first drop of water forming 
chamber 36 are communicated with each other in a 
state of keeping an airtight. 

[0024] Further, since the bypass passage connecting 
groove 38 on the rear end surface of the secondary fog 
chamber forming member 3 is provided in the periphery 
so as to form a circular shape, the first bypass passage 
20 is always communicated with the bypass passage 
connecting groove 38 at a time of fixing the secondary 
fog chamber forming member 3 to the fog chamber 
forming member 2. Accordingly, the first bypass pas- 
sage 20 is communicated with the second bypass pas- 
sage 39 via the bypass passage connecting groove 38. 
[0025] Next, the secondary oil nozzle 60 is inserted to 
the secondary oil nozzle mounting portion 37 of the sec- 
ondary fog chamber forming member 3 from the side of 
the nozzle case inserting recess portion 33. At this time, 
the insertion is performed so that the third oil inflow port 
63 of the secondary oil nozzle 60 is first inserted. Then, 
at a time of inserting the secondary oil nozzle 60 to the 
secondary oil nozzle mounting portion 37, the second 
oil inflow port 62 is positioned at the position corre- 
sponding to the first oil inflow groove 40 and the third oil 
inflow port 63 is positioned at a position corresponding 
to the second oil inflow groove 41 , as mentioned above. 
Accordingly, the second bypass passage 39 is commu- 
nicated with the second drop of water forming chamber 
61 via the first oil inflow groove 40, the second oil inflow 
port 62, the second oil inflow groove 41 and the third oil 
inflow port 63. 

[0026] Next, after attaching the O-ring 35 to the O-ring 
mounting groove 34 provided on the front end surface 
of the secondary fog chamber forming member 3, the 
top nozzle 4 is inserted to the nozzle case inserting re- 
cess portion 33 of the secondary fog chamber forming 
member 3 from the side of the flange portion. Then, the 
top nozzle 4 and the nozzle case 5 are fixed to the sec- 
ondary fog chamber forming member 3 by inserting the 
nozzle case 5 to the top nozzle 4 and engaging the 
mounting convex portion 50 of the nozzle case 5 with 
the nozzle case inserting recess portion 33 of the sec- 
ondary fog chamber forming member 3. In this case, 
since the O-ring mounting groove 34 is structured such 
that the groove depth thereof is smaller than the diam- 
eter of the O-ring 35, the upper end portion of the 0-ring 
35 protrudes from the front end surface of the secondary 
fog chamber forming member 3. Accordingly, at a time 
of fixing the nozzle case 5 to the secondary fog chamber 
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forming member 3, the O-ring 35 is gripped between the 
bottom surface of the O-ring mounting groove 34 and 
the rear end surface of the nozzle case 5, whereby an 
airtight state between the secondary fog chamber form- 
ing member 3 and the nozzle case 5 can be maintained. 5 
[0027] The mixer for forming the thin oil film on the 
surface of the drop of water 1 is assembled in the man- 
ner mentioned above. Next, a description will be given 
of a drop of water with an oil film supplying apparatus 
94 for supplying an air, an oil and a water to the mixer io 
for forming the thin oil film on the surface of the drop of 
water 1 with reference to Fig. 2. Fig. 2 is a schematic 
view of the drop of water with the oil film supplying ap- 
paratus 94 in accordance with an embodiment of the 
present invention. * 5 
[0028] In Fig. 2, an air supplying joint 83 for connect- 
ing an air supply duct 82 is engaged with the air intake 
port 6 of the mixer for forming the thin oil film on the 
surface of the drop of water 1 , and the air supply duct 
82 connected to the air supplying joint 83 is connected 20 
to a flow amount adjust valve 81 for adjusting a flow 
amount of the air. The air flow adjust valve 81 is con- 
nected to a compressor 80 for supplying the air via the 
air supply duct 82. 

[0029] Further, an oil supplying joint 88 for connecting 25 
an oil supply duct 87 is engaged with the oil intake port 
16 of the mixerforforming the thin oil film on the surface 
of the drop of water 1 , and the oil supply duct 87 con- 
nected to the oil supplying joint 88 is connected to an oil 
measuring valve 86 for measuring an amount of the oil. 30 
The oil measuring valve 86 is connected to an oil pump 
85 for supplying the oil via the oil supply duct 87, and 
the oil supply duct 87 is connected to an oil tank 84 in 
which the oil is stored from the oil pump 85. ) 
[0030] Further, a water supplying joint 93 for connect- 35 
ing a water supply duct 92 is engaged with the water 
intake port 1 8 of the mixer for forming the thin oil film on 
the surface of the drop of water 1 , and the water supply 
duct 92 connected to the water supplying joint 93 is con- 
nected to a water measuring valve 91 for measuring an 40 
amount of the water. The water measuring valve 91 is 
connected to a water pump 90 for supplying the water 
via the water supply duct 92, and the water supply duct 
92 is connected to a water tank 89 in which the water is 
stored from the water pump 90. 45 
[0031] Next, a description will be given of a process 
in which a drop of water with an oil film 100 is formed 
within the mixerforforming thethin oil film on thesurface 
of the drop of water 1 due to the water, the oil and the 
water supplied to the mixer for forming the thin oil film so 
on the surface of the drop of water 1 with reference to 
Figs. 1 and 2. 

[0032] At first, a compressed air supplied from the 
compressor 80 is fed into the oil spray nozzle 9 from the 
air intake port 6. Further, the oil supplied from the oil 55 
tank 84 passes through the oil intake passage 17 from 
the oil intake port 16 and flows into the oil spray nozzle 
9 from the first oil inflow port 10. The oil flowed into the 



oil spray nozzle 9 is formed in a mist shape due to a 
pressure of the air compressed within the oil spray noz- 
zle 9 so as to be injected out into the oil mist forming 
chamber 8, and thereafter is fed into the water spray 
nozzle 1 2 together with the compressed air. At this time, 
a part of the oil which is not formed in a mist shape flows 
into the first bypass passage 20 along an inner periph- 
eral surface of the oil mist forming chamber 8 with keep- 
ing a liquid state, and thereafter flows into the first oil 
inflow groove 40 and the second oil inflow groove 41 via 
the bypass passage connecting groove 38 and the sec- 
ond bypass passage 39. 

[0033] The oil flowing into the first oil inflow groove 40 
is injected out into the second drop of water forming 
chamber 61 from the second oil inflow port 62 provided 
in the secondary oil nozzle mounting portion 37. Further, 
the oil flowing into the second oil inflow groove 41 is in- 
jected out into the second drop of water forming cham- 
ber 61 from the third oil inflow port 63 provided in the 
secondary oil nozzle mounting portion 37. 
[0034] At this time, since the diameter of the second 
oil inflow port 62 is twice the diameter of the third oil 
inflow port 63 and the second oil inflow ports 62 are pro- 
vided at a plurality of portions (eight portions in the case 
of the illustrated embodiment), but the third oil inflow 
ports 63 are provided at a half number thereof, a pres- 
sure higher than a pressure applied to the second oil 
inflow port 62 is applied to the third oil inflow port 63, 
and the oil is hard to flow into the third oil inflow port 63 
in comparison with the second oil inflow port 62. That 
is, the structure is made such that an amount of the oil 
inflow is more in the second oil inflow port 62 than the 
third oil inflow port 63. Accordingly, the oil within the sec- 
ond bypass passage 39 is at first injected out into the 
second drop of water forming chamber 61 from the sec- 
ond oil inflow port 62 and next is injected out into the 
second drop of water forming chamber 61 from the third 
oil inflow port 63. 

[0035] On the contrary, the water supplied from the 
water tank 89 passes through the water intake passage 
1 9 from the water intake port 1 8 and flows into the water 
spray nozzle 12 from the first water inflow port 13. The 
water flowing into the water spray nozzle 12 is formed 
in a drop of water by the compressed air fed into the 
water spray nozzle 1 2 from the oil mist forming chamber 
8 and the oil formed in a mist shape is attached to a 
whole of the surface of the drop of water as an oil film, 
whereby the drop of water with the oil film is formed in 
the first drop of water forming chamber 36. At this time, 
the oil film is not attached to all of the drop of water, and 
there exists the drop of water to which the oil film is not 
attached. 

[0036] The oil flowing from the second oil inflow port 
62 is attached to the whole of the surface of the drop of 
water to which the oil film is not attached, at a time when 
the drop of water is injected to the second drop of water 
forming chamber 61 from the first drop of water forming 
chamber 36, thereby forming the drop of water with the 
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oil f ilm. At this time, most of the drop of water becomes 
the drop of water with the oil film by the oil film being 
attached thereto, however, even in the case that a little 
amount of drop of water to which the oil film is not at- 
tached is left at this time, the oil flowing from the third 
oil inflow port 63 is attached to the drop of water so as 
to form the oil film, thereby forming the drop of water 
with the oil film, so that the drop of water formed in the 
water spray nozzle 12 becomes the drop of water with 
the oil film at a rate of 1 00%. All the drop of water with 
the oil film formed in this manner passes through the 
drop of water with the oil film discharging port 70 and is 
discharged out of the mixer for forming the thin oil film 
on the surface of the drop of water 1 . In this case, a size 
of the drop of water with the oil film formed in the mixer 
for forming the thin oil film on the surface of the drop of 
water 1 in accordance with the present embodiment is 
between 1 00 /urn and 200 /urn. 
[0037] In accordance with the present embodiment, a 
working process is performed while supplying the drop 
of water with the oil film formed in the mixer for forming 
the thin oil film on the surface of the drop of water 1 to 
the surface to be worked of the structure, however, in 
the case of supplying the drop of water with the oil film 
to the surface to be worked of the structure, an oil film 
1 04 is formed on a surface of a structure 103 as shown 
in Fig. 3, and the drop of water with the oil film 100 is 
attached onto the oil film 104. In this case, Fig. 3 is a 
schematic view of the drop of water with the oil film 1 00 
and the surface of the structure 103 to which the drop 
of water with the oil film 1 00 is attached. 
[0038] Next, a description wilt be given of a working 
experiment performed by supplying the drop of water 
with the oil film 1 00 by the mixer for forming the thin oil 
film on the surface of the drop of water 1 with reference 
to Figs. 4, 5 and 6. Fig. 4 is a schematic view in a state 
of supplying the drop of water with the oil film 1 00 to the 
working surface by the mixer for forming the thin oil film 
on the surface of the drop of water 1 , Fig. 5 is a list show- 
ing experimental conditions for a cutting experiment per- 
formed by supplying the working fluid by the mixer for 
forming the thin oil film on the surface of the drop of wa- 
ter 1 and Rg. 6 is a graph showing experimental results 
of the cutting experiment performed by supplying the 
working fluid by the mixer for forming the thin oil film on 
the surface of the drop of water 1 . 
[0039] At first, in the process of the experiment, an 
end mill cutting work is performed by a vertical-type ma- 
chining center while supplying the drop of water with the 
oil film 1 00 to the surface to be worked of the structure 
103 from the mixer for forming the thin oil film on the 
surface of the drop of water 1 and a working stress is 
measured. The cutting work is performed by a pick feed 
comer work by an end mill 102, and the measurement 
of the working stress is performed by measuring a hor- 
izontal component force P H in a feeding direction of the 
tool (the end mill 1 02), a vertical component force P v in 
a pick feed direction and an axial component force P 2 



in an axial direction of the tool by means of KISTER 
Piezo3-component dynamometer 9257B-501 9A. 
[0040] Further, as the conditions of the experiment, 
as shown in Fig. 5, the working fluid employs a rapeseed 

5 oil which has a property of biodegradation and a re- 
duced environmental load and easily forms a film on a 
water surface (has a large expanding ability) as an oil 
solution, and employs a service water as the water. With 
respect to a supply amount of the working fluid, 1 0 mL7 

10 h of the oil solution and 1 00 mL/h of the water, both being 
"significantly small amount, are employed, and with re- 
spect to a supply amount of the air, 1 00 NL/rnin, being 
comparatively small amount, is employed. Further, 
A6063S duralumin is employed for the material to be 

15 cut, and a two-flutes end mill 1 02 made of a cemented 
solid(e.g. tungsten carbide) and having a diameter of 
012 is employed for the tool. 

[0041] Further, as the working conditions, a working 
direction is an up cutting and a down cutting. The up 

20 cutting corresponds to a case that a cutting direction of 
the tool in a side of the structure contact surface and a 
feeding direction of the tool are the same, that is, a case 
of cutting so that a blade of the tool scoops up the struc- 
ture, and the down cutting corresponds to a case that 

25 the cutting direction of the tool in the side of the structure 
contact surface and the feeding direction of the tool are 
opposed to each other, that Is, a case of cutting so that 
the blade of the tool is put over the structure. The work- 
ing method is, as mentioned above, the pick feed work, 

30 a cutting size in a radial direction with respect to the 
structure is 6 mm and a cutting size in an axial direction 
is 9 mm. Further, a rotational number of a main shaft of 
the machining center is between 3000 and 6000 rpm, a 
cutting speed is between 1 1 3 and 226 m/min and a feed- 

35 ing speed is between 0.052 and 0.106 mm/rev. In this 
case, the pick feed work corresponds to a working meth- 
od of subsequently applying a cutting operation in per- 
pendicular to the feeding direction of the tool in an inter- 
mittent manner. 

40 [0042] Further, in the present experiment, a perform- 
ance of the working fluid is compared by performing the 
working experiment in three cases of supplying the 
working fluid, that is, a case of supplying only the water 
with stopping the oil supply, a case of supplying only the 

45 oil with stopping the water supply and a case of flood 
supplying an emulsion on sale (KT-100 : 5%). 
[0043] Next, a description will be given of results of 
the working experiment performed under the conditions 
mentioned above. In this working experiment, the re- 

50 suits of measuring the working stress at a time of chang- 
ing the cutting speed (a peripheral speed) from 113 m/ 
min to 226 m/min and the feeding speed from 0.052 mm/ 
rev to 0.106 mm/rev are shown in (1) and (2) of Fig. 6. 
Fig. 6(1 ) corresponds to a case that the cutting direction 

55 is set to the up cutting, in which the result of measuring 
the horizontal component force P H is compared with re- 
spect to the kind of the working fluid. Values of the ver- 
tical component force P v and the axial component force 



7 



13 



EP1 103 343 A1 



14 



P z are smaller than the horizontal component force P H 
and the change amount due to the difference of the 
working fluid is less, so that in this case, the result of 
measuring the horizontal component fore P H is com- 
pared. The value of the horizontal component force P H 
is the smallest in the case that the working fluid is the 
drop of water with the oil film 100, becomes greater in 
the order of the case of the emulsion and the case of 
only the oil, and becomes the greatest in the case of 
only the water. 

[0044] The same result is obtained without reference 
to the cutting speed and the feeding speed. The hori- 
zontal component force P H in the case of employing only 
the oil is greater than the horizontal component force P H 
in the case of employing the drop of water with the oil 
film 100 because the supply amount is significantly 
small. Further, in the case of only the oil, the oil formed 
in a mist shape becomes fine (having a diameter of 
about 1 0 to 30 urn) and a rate of being attached onto 
the surface to be worked of the structure is a little, how- 
ever, in the case of the drop of water with the oil film 
1 00, the drop of water is not excessively scattered in the 
atmospheric air even at a significantly small supply 
amount since the diameter thereof is between 1 00 and 
200 um, so that it is considered that the drop of water is 
sufficiently attached to the surface to be worked of the 
structure. 

[0045] Next, Fig. 6(2) corresponds to a case that the 
cutting direction is set to the down cutting, in which the 
result of measuring the vertical component force P v is 
compared with respect to the kind of the working fluid. 
In this case, the vertical component force P v in the case 
of employing only the oil is smallerthan the vertical com- 
ponent force P v in the case of employing only the water 
and the emulsion, and the vertical component force P v 
in the case of employing the drop of water with the oil 
film 100 is the smallest in the same manner as that of 
the up cutting. In this case, in the case of employing the 
drop of water with the oil film 1 00 for the working fluid, 
there is no great change in the vertical component force 
P v even in the case of making the supply amount of the 
oil greater than 1 0 mL/h. 

[0046] As mentioned above, at a time of cutting the 
structure by the end mill, in the case of performing the 
cutting work while supplying the drop of water with the 
oil film 100 onto the surface to be worked of the struc- 
ture, it is confirmed that the working stress shows a low 
value in comparison with the case of employing only the 
water, only the oil or the emulsion for the working fluid, 
in both of the up cutting case and the down cutting case. 
[0047] Further, in the cutting experiment employing a 
soft steel for the material to be cut, a lamp black is gen- 
erated from a working point in the case of employing 
only the oil for the working fluid, however, no lamp black 
is generated in the case of employing the drop of water 
with the oil film 1 00 for the working fluid. This is because 
the water at a hundred times the supply amount of the 
oil serves a flame preventing effect and a work heat 



cooling effect. 

[0048] As mentioned above, the embodiment is in de- 
tail described. In accordance with the present embodi- 
ment, in the mixer for forming the thin oil film on the sur- 

5 faceofthedropofwaterl for supplying the drop of water 
with the oil film 100 corresponding to the working fluid 
used at a time of working the structure 103 and struc- 
tured such that the oil film 1 04 is formed on the surface 
of the drop of water 105, the mixer for forming the thin 

10 oil film on the surface of the drop of water 1 comprises 
the oil mist forming chamber 8 for forming the oil sup- 
plied from the outer portion in a mist shape by the air 
stream, the drop of water forming chamber 64 for form- 
ing the water supplied from the outer portion by the air 

is stream containing the oil formed in a mist shape in the 
oil mist forming chamber 8 in a drop of water shape so 
as to form the drop of water with the oil 1 00 structured 
such that the oil film 1 04 is formed on the surface of the 
drop of water 1 05, and the top nozzle 4 for discharging 

20 the drop of water with the oil film 1 00 formed in the drop 
of water forming chamber 64 to the outer portion. In ac- 
cordance with the structure mentioned above, it is pos- 
sible to effectively form the drop of water with the oil film 
100. 

25 [0049] Further, in accordance with the present em- 
bodiment, the drop of water forming chamber 64 is con- 
stituted by the first drop of water forming chamber 36 
disposed in the upstream side of the air flow and the 
second drop of water forming chamber 61 disposed in 

30 the downstream side thereof, and the oil inflow ports 62 
and 63 for making the oil supplied from the outer portion 
to flow into is faced to the second drop of water forming 
chamber 61. In accordance with the structure men- 
tioned above, it is possible to again attach the oil to the 

35 drop of water 1 05 flowing through the drop of water form- 
ing chamber 64 and having no oil film formed thereon, 
and it is possible to improve a rate of forming the drop 
of water with the oil film 1 00. 

[0050] Further, in accordance with the present em- 

40 bodiment, the oil inflow ports 62 and 63 are communi- 
cated with the oil mist forming chamber 8 via the bypass 
passages 20 and 39 so as to supply the oil which is not 
formed in a mist shape in the oil mist forming chamber 
8 to the oil inflow ports 62 and 63 via the bypass pas- 

45 sages 20 and 39. In accordance with the structure men- 
tioned above, since the liquid-like oil which is not formed 
in a mist shape in the oil mist forming chamber 8 is used 
after being again formed in a mist shape in the oil inflow 
ports 62 and 63, it is possible to effectively form the drop 

so of water with the oil film 100 at a minimum amount of oil. 
[0051] Further, in accordance with the present em- 
bodiment, the oil inflow ports 62 and 63 are constituted 
by the upstream oil inflow port 62 disposed in the up- 
stream side of the airflow and the downstream oil inflow 

55 port 63 disposed in the downstream side thereof, and 
the oil inflow amount is more in the upstream oil inflow 
port 62 than in the downstream oil inflow port 63. In ac- 
cordance with the structure mentioned above, it is pos- 
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sible to significantly increase a rate of forming the drop 
of water with the oil film 1 00. 

[0052] In this case, since the drop of water with the oil 
film 1 00 formed by the mixer for forming the thin oil film 
on the surface of the drop of water 1 in accordance with 
the present embodiment is structured such that the oil 
is formed on the surface of the drop of water 1 05 having 
a great mass so as to form the oil film 104, the drop of 
water is not excessively scattered. Accordingly, since a 
large amount of oil is attached to the surface to be 
worked of the structure, and the structure 103 and the 
working tool are lubricated, as well as it is possible to 
improve a working accuracy and increase a service life 
of the work tool, a risk of generating the fire and an in- 
fluence applied to the human body are reduced, so that 
no bad influence is applied to the industrial environment. 
Further, the drop of water 105 attached to the surface 
to be worked of the structure 1 03 together with the oil 
film 1 04 increases an effect of cooling the heat gener- 
ated by the working and aflame preventing effect of pre- 
venting the fire from being generated. 
[0053] As is apparent from the description mentioned 
above, in accordance with a first aspect of the present 
invention, in a mixer for forming a thin oil film on a sur- 
face of a drop of water for supplying a drop of water with 
a thin oil film corresponding to a working fluid used at a 
time of working a structure and structured such that an 
oil film is formed on a surface of a drop of water, the 
mixer for forming the thin oil film on the surface of the 
drop of water comprises an oil mist forming chamber for 
forming an oil supplied from an outer portion in a mist 
shape by an air stream, a drop of water forming chamber 
for forming a water supplied from the outer portion by 
the air stream containing the oil formed in a mist shape 
in the oil mist forming chamber in a drop of water shape 
so as to form a drop of water with a thin oil structured 
such that an oil film is formed on a surface of the drop 
of water and a top nozzle for discharging the drop of 
water with the oil film formed in the drop of water forming 
chamber to an outer portion. In accordance with the 
structure mentioned above, it is possible to effectively 
form the drop of water with the oil film. 
[0054] Further, in accordance with a second aspect of 
the present invention, the drop of water forming cham- 
ber is constituted by a first drop of water forming cham- 
ber disposed in an upstream side of the air flow and a 
second drop of water forming chamber disposed in a 
downstream side thereof, and an oil inflow port for mak- 
ing the oil supplied from the outer portion flow into is 
faced to the second drop of water forming chamber. In 
accordance with the structure mentioned above, it is 
possible to again attach an oil to the drop of water flow- 
ing through the drop of water forming chamber and hav- 
ing no oil film formed thereon, and it is possible to im- 
prove a rate of forming the drop of water with the oil film. 
[0055] Further, in accordance with a third aspect of 
the present invention, the oil inflow port Is communicat- 
ed with the oil mist forming chamber via a bypass pas- 



sage so as to supply the oil which is not formed in a mist 
shape in the oil mist forming chamber to the oil inflow 
port via the bypass passage. In accordance with the 
structure mentioned above, since the liquid-like oil 
5 which is not formed in a mist shape in the oil mist forming 
chamber is used after being again formed in a mist 
shape in the oil inflow port, it is possible to effectively 
form the drop of water with the oil film at a minimum 
amount of oil. 

10 [0056] Further, in accordance with a fourth aspect of 
the present invention, the oil inflow port is constituted 
by an upstream oil inflow port disposed in an upstream 
side of the airflow and a downstream oil inflow port dis- 
posed in a downstream side thereof, and an oil inflow 

*5 amount is more in the upstream oil inflow port than in 
the downstream oil inflow port. In accordance with the 
structure mentioned above, it is possible to significantly 
increase a rate of forming the drop of water with the oil 
film. 

20 [0057] In this case, since the drop of water with the oil 
film formed by each of the inventions mentioned above 
is structured such that the oil is formed on the surface 
of the drop of water having a great mass so as to form 
the oil film, the drop of water is not excessively scat- 

25 tered. Accordingly, since a large amount of oil is at- 
tached to the surface to be worked of the structure, and 
the structure and the working tool are lubricated, as well 
as it is possible to improve a working accuracy and in- 
crease a service life of the work tool, a risk of generating 

30 the fire and an influence applied to the human body are 
reduced, so that no bad influence is applied to the in- 
dustrial environment. Further, the drop of water attached 
to the surface to be worked of the structure together with 
the oil film increases an effect of cooling the heat gen- 

35 erated by the working and a flame preventing effect of 
preventing the fire from being generated. 

Claims 

40 

1 . A mixer (1 ) for forming a thin oil film on a surface of 
a drop of water for supplying a drop of water with 
an oil film corresponding to a working fluid used at 
a time of working a structure and structured such 
45 that a thin oil film is formed on a surface of a drop 
of water, comprising: 

an oil mist forming chamber (8) for forming an 
oil supplied from an outer portion in a mist 

50 shape by an air stream; 

a drop of water forming chamber (64) for form- 
ing a water supplied from the outer portion by 
the air stream containing the oil formed in a mist 
shape in said oil mist forming chamber (8) in a 

55 d rop of water shape so as to form a drop of wa- 

ter with an oil structured such that a thin oil film 
is formed on a surface of the drop of water; and 
a top nozzle (4) for discharging the drop of wa- 
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ter with the oil film formed in said drop of water 
forming chamber (64) to an outer portion. 

A mixer for forming a thin oil film on a surface of a 
drop of water as claimed in claim 1 , wherein said 5 
drop of water forming chamber (64) is constituted 
by a first drop of water forming chamber (36) dis- 
posed in an upstream side of the airflow and a sec- 
ond drop of water forming chamber (61) disposed 
in a downstream side thereof, and an oil inflow port w 
(62, 63) for making the oil supplied from the outer 
portion flow into is faced to said second drop of wa- 
ter forming chamber (61 ). 

A mixer for forming a thin oil film on a surface of a 
drop of water as claimed in claim 2, wherein said oil 
inflow port (62, 63) is communicated with said oil 
mist forming chamber (8) via a bypass passage (20, 
39) so as to supply the oil which is not formed in a 
mist shape in said oil mist forming chamber to the 20 
oil inflow port (62, 63) via the bypass passage (20, 
39). 

A mixer for forming a thin oil film on a surface of a 
drop of water as claimed in claim 2 or 3, wherein 25 
said oil inflow port (62, 63) is constituted by an up- 
stream oil inflow port (62) disposed in an upstream 
side of the airflow and a downstream oil inflow port 
(63) disposed in a downstream side thereof, and an 
oil inflow amount is more in the upstream oil inflow 30 
port (62) than in the downstream oil inflow port (63). 
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FIG. 3 
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FIG. 5 



SUPPLY AMOUNT OF WORKING FLUID AND CONDITION FOR EXPERIMENT 



OIL SOLUTION j 
(RAPESEED OIL) 


10mL/h 


DIRECTION OF 
WORK 


UP, DOWN 


WATER 
(SERVICE WATER) 


100mL/h 


METHOD OF 
WORK 


PICK FEED 
WORK 


AIR 


100NL/min 


CUT IN RADIAL 
DIRECTION 


6mm 


MATERIAL TO 
BE CUT 


A6063S 


CUT IN AXIAL 
DIRECTION 


9mm 


TOOL 


TWO-FLUTES 
END MILL 


ROTATIONAL 
AXIS OF MAIN 
SHAFT 


3000 ~ 6000rpm 


MATERIAL OF 
TOOL 


TUNGSTEN 
CAR BITE 


CUTTING 
SPEED 


113~ 226m/min 


DIAMETER OF 
TOOL 


012 


FEEDING 
SPEED 


0.052 - 0.106 
mm / rev 
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FIG. 6 



RESULTS OF MEASURING WORK WTTH RESPECTTOVARKXJSKINDOF 
CUTTING AGENTS 



a EMULSION 
■ WATEFUOB. 
□ WATER 

b on. 






CUTTING SPEED 113m/min 
FEEDING SPEED 0j052mm/rev 



118m/min 
O084mm/rev 



226m /min 
0.106mm /rev 



HORIZONTAL COMPONENT FORCE IN UPCUTTING 



(2) 




CUTTING SPEED 113m/min 118m/min 226m/min 

FEEDING SPEED 0.052mm /rev 0.084mm/rev 0.106mm /rev 

VERTICAL COMPONENT FORCE IN DOWN CUTTING 
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